Eleven essential oils (EOs) were evaluated for their antibacterial properties, against Vancomycin-Resistant Enterococci (VRE) and E. coli O157:H7. EOs were introduced into Brain Heart Infusion agar (BHI) (15ml) at a concentration of 0.25 to 2% (vol/vol) to determine the minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) for each pathogen evaluated. Results showed that the most active essential oils against bacteria tested were thyme oil, with MIC 90 and MBC 90 for the VRA strains of 0.25% and 0.5%, respectively. Eucalyptus, juniper and clove oils were the least potent agent, with MIC 90 and MBC 90 of 2%. Furthermore, the inhibitory effect of these EO were evaluated against VRE and E. coli O157:H7, experimentally inoculated (10 3 cfu/g) in Feta soft cheese and minced beef meat, which was mixed with different concentrations (0.1%, 0.5% and 1%) of the EO and stored at 7 °C for 14 days. Out of eucalyptus, juniper, mint, rosemary, sage, clove and thyme oils tested against target bacteria sage and thyme showed the best results. Clove and mint did not show any effect on VRE and E. coli O157:H7 in both kinds of studied foods. The addition of thyme oil at concentrations of 0.5 and 1% caused best significant reduction in the growth rate of VRE and E. coli O157:H7 in cheese and meat at 7 o C. It is concluded that selected plant EOs can act as potent inhibitors of both microorganisms in a food product.
INTRODUCTION
Enterococci are important Gram-positive bacteria of food safety and public health concern. Among the predominant bacteria involved in these pathogens, enterococci are a leading cause of gastroenteritis resulting from the consumption of contaminated food (19) . Enterrococci occur in foods because the lactic acid enterococcus bacteria, particularly E. faecalis and E. faecium, have a long history of use by food industry as starter cultures in the production of traditional fermented food and cheese. Enterococci of food-borne origin have not been conclusively identified as direct causes of clinical infections; however, the consumption of food carrying antibiotic-resistant bacterial populations is a possible route of transfer and could result in either colonization or transfer of resistance determinants to host-adapted strains (18, 19, 33) . Antimicrobial activity against Vancomycin-Resistant Enterococci (VRE) and E. coli Antimicrobial-resistant enterococcal strains have been isolated from meat products, dairy products, fresh produce and the poultry production environment (11) . Among antibiotic resistant enterococci, the emergence, selection and spread of enterococci resistant to glycopeptide antibiotics vancomycin in a hospital environment is of particular concern, because glycopeptide antibiotics often represent the last therapeutic option in the treatment of infections caused by enterococci (11, 18. 19) . E. coli O157:H7 is another concern to public health on a global scale (20) and is found in a wide variety of foodstuffs including meat and meat products, milk, yogurt, water, salad vegetables, fruits, fruit juices and cider (2, 20) . Pasteurization and cooking are adequate methods of ensuring that viable cells are eliminated, but heat treatment is not desirable for all foods and cross-contamination cannot always be prevented.
Controlling the numbers and growth of E. coli O157:H7 therefore remains an important objective for sectors of the food production industry (22) .
The demand for safe foods, coupled with the preference by consumers for foods free of synthetic additives, has increased the interest for natural preservatives in recent years (27 (3, 8, 10, 12, 13, 16, 22) . However, the information of their effect in actual food systems is still insufficient. Higher concentrations are needed to achieve the same effects in food systems (29) .
The greater availability of nutrients in foods compared to laboratory media may enable bacteria to repair damaged cells faster (14) . The studies on actual foods show that some botanicals have the potential to be effective biopreservatives, although product development to optimize food functionality and flavor will be challenging and more studies are needed on the topic of botanical applications to fully understand how best to optimize their use and provide the fundamentals needed by the food industry (10) . The future of naturally occurring antimicrobials seems promising; as new preservation methods are rapidly incorporated in a variety of foods once their effectiveness and safety have been well documented. The effectiveness of essential oil application in actual food systems is the result of multiple factor associations such as the food composition or the storage temperatures (4, 6, 14, 26, 31, 32) .
The presence of surfactants and organic substances that interact with active sites of the antimicrobial substances also plays an important role (16) .
It has long been acknowledged that some EOs exhibit antimicrobial properties. Recent studies have shown that EO of oregano, thyme, bay and clove are among the most active in this respect against strains of E. coli (4, 9, 16, 30) . Moreira et al. (2005) reported in an in vitro study that the essential oils from clove and tea tree had inhibitory effects on E. coli O157:H7 using the agar diffusion method. But the information of EOs effect on VRE is still insufficient. Just the bacteriostatic and bactericidal activities of oils against VRE are showed VRE strains were less susceptible to tea tree, lavender, mint and thyme oils (23) . The purpose of this study was to select from EOs those with the most pronounced antibacterial properties, to determine at which concentration they were bacteriostatic and bactericidal to VRE and E. coli O157:H7. Also the aim of this work was to evaluate the effectiveness of EOs to control VRE and E. coli O157:H7 on actual food systems (feta soft cheese and minced cooked beef) exposed to abusive refrigeration (7 °C).
MATERIALS AND METHODS

Plant samples
Plant target species are summarized in 
Determination of MIC and MBC
The MIC of the tested EO was determined using an agar dilution method (24) . 
Statistical analysis
The variations between experiments were estimated by standard deviations and statistical significance of changes was estimated by student's t-test. Only the probability P 0.001 was regarded as indicative of statistical significance.
RESULTS
MIC and MBC activities of EO against VRE and E. coli
O157:H7
The averages of bacteriostatic and bactericidal activities of the eleven EO against the 13 strains of VRE and 16 of E. coli O157:H7 are shown in the 
Effect of EO on food samples
In the present study, we report for the first time effect of EO on VRE in food systems. Out of eucalyptus, juniper, mint, rosemary, sage, clove and thyme oils tested against target bacteria, sage and thyme showed the best results. Clove and mint oils did not show any effect on VRE and E. coli O157:H7 in both kinds of studied foods. Figures 1 and 2 Selim, S.
Antimicrobial activity against Vancomycin-Resistant Enterococci (VRE) and E. coli
The addition of thyme oil at concentrations of 0.5 and 1%
caused a significant reduction in the growth rate of VRE and E.
coli O157:H7 in cheese at 7 o C (Fig. 1a and 1b) . At a thyme oil concentration of 0.5%, the treated samples showed a decrease in VRE a population of nearly 1 log10 cfu/g compared to the control samples after storage at 7 o C for 1, 2 and 3 days, although on subsequent holding, the difference between the two groups was not significant (Fig. 1 ). Significant differences were observed between the two groups at 7 o C as well, but the maximum difference was recorded after 7 days (P < 0.01).
Increasing the concentration of sage oil to 1% enhanced its inhibitory action on E. coli O157:H7.
Meat samples treated with clove oil showed fewer VRE counts than the corresponding control samples on holding these at 7 o C (Fig.2a and 2b ). The addition of 0.5% thyme oil restricted the growth of the initial E. coli O157:H7 population from 7.7x10 3 cfu/g to 1.8x10 5 cfu/g after 1 day' s storage at 7 0 C, while the corresponding increase in the control meat was from 8.7x10 3 cfu/g to 2.6x10 6 cfu/g (P 0.01).
Treatment with 0.5% thyme oil revealed significant effects on VRE after 3, 6 and 9 days' storage. A higher concentration of thyme oil (1%) improved the ant E. coli O157:H7 action in meat. As a result, the initial E. coli O157:H7 population of 10 (6) reported that the introduction of sodium fat into the test medium decreased the bactericidal effects of essential oils. It is generally accepted that high levels of fat and/or protein in foodstuffs protect the bacteria from the action of essential oils.
The EOs would be dissolved in the lipid phase of the food and would be less available to act on bacteria that are present in the aqueous phase (22) .
Thus, the differences between beef and cheese in structure and composition, and especially in the fat, protein and water contents, could explain the differences in the inhibitory effects of EOs. Two important variables appear when EOs are applied either in vivo or in vitro assays; one is the contact time for oils to exert their effect and the other is the concentration required to achieve the same degree of inhibition, and these two variables would be interacting. The lower water content of foods compared to laboratory media may hamper the progress of antibacterial agents to the target site in the bacteria cell (31).
Furthermore, in vitro assays, microorganisms and essential oils come into close contact, but in vivo, the food matrix has cell membranes that act as physical barriers interfering oil and microorganism contact. Moreira et al. (22) reported that in vitro assays, the maximum E. coli O157:H7 reductions (3. coli O157:H7, depending on the concentration used and the initial bacterial load. These conservative effects were enhanced when we combined the use of the EO with refrigerated storage.
Nonetheless, this task seems hampered in some extent by some organoleptic attributes, which appear to be responsible for minimizing the degree of acceptance or liking for the product added with high level of the EOs. As described elsewhere, the best solution will be the use of these additives, at lower concentrations, in combination with other natural preservatives or methods. Nonetheless, encapsulation of the EO seems also to be an attractive new approach. In fact, micro encapsulation Selim, S. Antimicrobial activity against Vancomycin-Resistant Enterococci (VRE) and E. coli techniques have became popular because they are the most versatile means of over coming problems like those inherent to these of EO as food additives. It is now well established that amongst the basic objectives of micro encapsulation are to reduce material toxicity, provide environmental protection to sensitive compounds and to mask the undesirable taste and aroma of certain compounds (5, 15) . Thus, the use of hurdle technology could produce safe products without substantial loss of sensory quality.
